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Bis-Arylsulfonylamin benzamide Derivatives and the Use' 
Thereof as Factor Xa Inhibitors 

Field of the Invention 

The present inventioD relates to coixqKnmds that arc inhibitors of 
thrombin production via £actor Xa inhibition^ fheir phannaceutically 
acceptable salts, and pharmaceutically accqitable conq)ositions thereof. The 
conqpoimds and conqiositions are useful in the treatment of arterial and 
venous thrombotic occhisive disorders, inflammation and cancer. 

Background of the Invention 

The serine protease thrombin occtqpies a central role in hemostasis 
and thrombosis (Tapparelli efo/.. Trends in Pharmacological Sciences 
74:366-376 (1993); Lefkovits and Topol. Cr>rafafiOT 90(3): 1522-1536 
(1994); Barker, Blood Coagulation and Fibrinolysis 5 (Siq>pl i;:S47-S58 
(1994)). Activation of the coagulation cascade through either the hxtrii^ic 
pathway (contact activation) or the extrinsic pathway (activation by exposure 
of plasma to a non-endothelial surface, damage to vessel walls or tissue 
factor release) leads to a series of biochemical events that converge on 
thrombin. Thrombin cleaves fibrinogen ultimately leading to a hemostatic 
plug (clot formation), potently activates platelets tiuou^ a unique proteolytic 
cleavage of the cell surface thrombin receptor (Coughlin, Seminars in 
Hematology 31i4):27(y-2n (1994)), and autoamplifies its own production 
through a feedback medianism. 

As a midtifactorial protem, thrombin induces a number of effects on 
platelets, endothelial cells, smooth muscle cells, leukocytes, the heart, and 
neurons (Tapparelli et al^ Trends in Pharmacological Sciences 74:366-376 
(1993); Church and Hofbnan, Trends in Cardiovascular Medicine 4(3): 140- 
146 (1993)). Platelet activation leads to shape diange and aggregation as 
well as the synthesis, release and secretion of vasoactive substances and 
lysosomal enzymes. Bidothelial cell activation results in the secretion of 



wo 96/39380 



PCrAJS96/09308 



sdmulatoiy agents leading to increased vascular permeability and 
adhesiveness for mononuclear ceUs, one consequence of which is 
extravasation of leukocytes at the site of thrombin generation. Thrombin 
induces fibroblast and smooth muscle cell proliferation suggesting that 
5 thrombin plays a key role in lesion developmrat followmg vascular damage. 

Enhanced outomaticity and prolongation of repolarization have been observed 
in cardiac myocytes showing sensitivity to Orombin. Normal nraronal 
development has been shown also to be influenced by thrombm. Thus, 
mhibitors of thrombm function have therapeutic potential m a host of 

10 cardiovascular and non-cardiovascular diseases, mcluding: myocardial 

infarction; unstable angina; stroke; restenosis; deep vein thrombosis; 
disseminated intravascular coagulation caused by trauma, sepsis or tumor 
metastasis; hemodialysis; cardiopulmonary bypass surgery; adult respnatory 
distress sjmdrome; endotoxic shock; riieumatoid arthritis; ulcerative colitis; 

15 induration; metastasis; hypercoaguability during chemotherapy; Alzheimer's 

disease; and Down's syndrome. 

To date only three classes of compounds (heparins, low-molecular 
weight heparins^ and coumarins, such as warfarin) have been used in 
anticoagulant tiierapy. Each class has severe limitations and liabilities 

20 (Weitz and Hirsh, Journal of Laboratory Clinical Medicine 122:364-373 

(1993) ; Rsqet al.,The American Journal of the Medical Sciences 307(2):12S 

(1994) ). All tiiree classes mdirectly inhibit thrombin. Heparin and low- 
molecular weight heparins augment antithrombin m and/or teparin 
cofactor n inhibition of thrombin, whereas coumarins inhibit vitamin K- 

25 dependent post-translational modification. Qose monitoring and titration of 

therapeutic doses is required when employing these agents due to patient 
variabiliQ^. Hemorrhagic complications due to bleeding are an encountered 
side effect. In fact, bleeding remains as the most conomon side effect of 
long term oral anticoagulant therapy. Lack of activiiy in arterial thrombosis 

30 in the case of h^arin is due to its inability to inhibit clot bound thrombin. 
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Lack of oral activity in the case of heparins and low-molecular weight 
heparins preclude their use for chronic administration. 

Direct thrombin inhibitors of various structural classes have been 
identified recently (Tapparelli era/., Trends in Pharmacological Sciences 
74:366-376 (1993); Claeson, Blood Coagulation and Fibrinolysis 5:411-436 
(1994); Lefkovits and Topol, Circulation 90(3): 1522-1536 (1994)). 
R^resentative compounds that act by inhibiting the active site of dirombin 
include the a-chioroketone D-phenylaianyl-L-prolyl-L-arginyl 
chlonnnetfaylketone (PPACK), the boroargmine DUP714, the pqitide argmal 
GYKl 14766, the cyclic peptides cyclodieonamides A and B, die benzamidine 
NAPAP, and the arylsulphonylargfaiine argatroban. The thrombin inhibitory 
pq>tides hirudin and hirulogs additionally span through the active and exosite 
domains of thrombin. The peptide hiiugen and single-stranded DNA 
aptamers inhibit thrombin through exosite occupancy. These 'classes of 
antidirombotic agents still suffer from one or more of the following 
liabilities: (1) poor oral bioavailability due to the peptidic or oligonuclebtidic 
nature of these agents, or high molecular weight or charged nature of the 
agents; (2) excessive bleediog conq)lications; (3) poor selectivity towards 
thrombin versus other serine proteases (which may lead to severe and 
sometimes fatal hypotension and respiratory depression in animal models); 
(4) liver toxicity; or (5) cost effectiveness. 

An alternative approach for inhibitmg dnombin function is to inhibit 
factor Xa. Factor Xa associates with factor Va and calcium on a 
phospholipid membrane thereby forming a prothrombinase complex. This 
prothrombinase complex then converts prothrombin to thrombin (Claeson, 
Blood Coagulation and Fibrinolysis 5:411-436 (1994); Haiker, Blood 
Coagulation and Fibrinolysis 5 (Suppl i):S47-S58 (1994)). Inhibitors of 
factor Xa are thought to offer an advantage over agrats that directly inhibit 
thrombin since direct thrombin inhibitors still permit significant new 
thrombin generation (Lefkovits and Topol, Circulation 90(3): 1522-1536 
(1994); Barker, Blood Coagulation and Fibrinolysis 5 (Suppl J):S47-S58 
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(1994)). Indeed, continuous generation of new thrombin rather than 
reexposure of preformed dot-bound thrombin is thought to be responsible in 
part for the phenomenon of reocchision since mark^ of thrombin generation 
have been found to increase duriqg and after thrombolytic treatment for 
myocardial in&rction. Thus, it is now believed that increased thrombin 
activi^ associated with thrombolysis is due at least in part to new thrombm 
generation. 

Specific protein factor Xa inhibitors, such as the leech-derived, 119- 
amino acid protein antistasin and the soft tick derived protein TAP (tick 
anticoagulant peptide) accelerated clot lysis and prevented reocclusion when 
given as adjuncts to thrombolysis (Mellott etaL, Circulation Research 
70:1152-1160 (1992); Sitko ef a/.. Circulation 45:805-815 (1992)). U.S. 
Patent No* 5,385,885, issued January 31, 1995, disclo^ smooth muscle cell 
proliferation inhibitory activity of both TAP and antistasin. Additionally, 
TAP and antistasin have been shown to reduce experimental restenosis. 
These results suggest that factor Xa may play a role in the restenosis process 
through its effects upon thrombus formation or throu^ its mitogenic 
potential (Ragosta etaL, Circulation 89:1262-1271 (1994)). The peptide 
ecotin is another selective, reversible, tight-binding inhibitor of factor Xa 
tiiat exhibits potent anticoagulant activity (Seymour etal.. Biochemistry 
53:3949-3959 (1994); PCT Published Application WO 94/20535, published 
September 14, 1994). Ixodidae, argasin, and ancylostomatin are other 
representative peptidic factor Xa inhibitors isolated from animals that feed on 
blood (Marfcwardt, Thrombosis and Hemostasis 72:AT1A19 (1994)). 

Non-peptide diamidinn derivatives, such as (+)-(2S)-2-[4-[[(3S)-l- 
acetimidoyl-3-pyrrolidinyl]oxy]phenyl]-3-[7-amidino-2-naphtiiyl]propanoic 
acid hydrochloride pentahydrate (DX-9065a), exhibit anticoagulant activity 
(Tidwell etal.. Thrombosis Research 79:339-349 (1980); Yamazaki era/., 
Thrombosis and Hemostasis 72:393-395 (1994); Hara et aL, Thrombosis and 
Hemostasis 77:314-319 (1994); Nagahara etal,. Journal of Medicinal 
Chemistry 57:1200-1207 (1994)). Synthetic amidmo derivatives of 
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phenylalanine and cycloheptancme have also shown potent factor Xa 
mhibition (Stoizebecher ei al.. Thrombosis Research 54:245-252 (1989)). 

per Published Application WO 94/13693, published June 23, 1994, 
discloses peptide analogs containing an aldehyde grouping. The application 
disdoses that die analogs have substantial potency and specificiQr as 
inhibitors of ma"^Tnaiian factor Xa. 

per Published >^lications WO 93/15756, published August 19, 

1993, and WO 94/17817, published August 18, 1994, disclose peptidyl 
arginbe aldehydes that exhibit feictor Xa and/or thrombin inhibitory activity. 

PCT Published Applications WO 94/20526, published September 15, 

1994, discloses peptide derivatives havmg a C-tenninal boronic acid groiq). 
The application discloses that these peptide derivatives possess protein- 
inhibitiog activity and are potent thrombin inhibitors. 

Summary of the Invention 

The present invention is directed to novel bis- 
arylsulfonylaniinobenzamide derivatives having the Formula / (below). The 
compounds are formed by coupling arylsulfonylaminophenalkanoic acids with 
a diamine. Thus, also provided is a process for preparing compounds of 
Formula /. 

The novel compounds of the present invention exhibit antithrombotic 
activity via factor Xa inhibition. Also provided is a method of treating 
thrombosis, ischemia, stroke, restenosis or inflammation in a m a mmal in 
need of such treatment conqirising administering to said mammal an effective 
amount of a compound of Formula /. Further provided is a pharmaceutical 
composition comprising a compound of Formula / and one or more 
pharmaceutically acceptable carriers or diluents. 
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Detailed Description of the Preferred Embodiments 

The present invention provides novel conq)ounds having the 
Formula/: 




(D 

wherein 

each is independently one of dXkyl, substituted alkyl, cycloalkyi, 
aryl, substituted aryl, heteroaryl or substituted heteroaiyl; 

each and is independently one of hydrogen, alkyl, aiyl or 
arylalkyl; 

Y is a bond, or is one of — (CH2)p— . cycloalkyi, aryl or C2.,o 
heterocycle; and 

m, n and p are each independently 1 to 10. 

Preferred compounds of the present invention are those of Formula / 
wherein each R* is independently one of Cg^uaryl or Ci.8allqfl; each R^ and 
R^ is independently one of hydrogen, C,.8alkyl or C^r^l; Y is a bond, or is 
one of — (CH2)p— , cycloalkyi, C^^i aryl or a 5 to 6 membered ring 
heterocycle; and m, n and p are each 1 to 5. 

Most preferred are compounds of Formula / wherein each R^ is the 
same and is either phenyl or n^hthyl; each R^ is Ae same and is one of 
hydrogen, Cj.j allg^l, phenyl or naphihyl; each R^ is the same and is one of 
hydrogen, C^.s alkyl, phenyl or naphthyl; Y is a bond, or is one of 
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— (CH2)p— , Cj^ cycloalkyl, C^,o aryl or 1,4-piperazmyl; and m, n and p are 
each indq^endendy 1 to 5. 

Prefeired beteroaiyl groops in reference to B} inclxide pyiidinyl, 
thienyl, chromenyl, benzoxazolyl, quinazolinyl, quinolinyl and 
5 tetiahydroguinolinyl. 

In general, any heterocyclic diamine may be e^^)loyed to fonn 
compounds having a variety of heterocyclic groups at position Y. Examples 
of useful heterocyclic radicals are listed her^ Heteroaiyl groups meeting 
the basic definition of "heterocycle" given herein may also be employed as 
10 the heterocycle Y. 

The most preferred compounds include those compounds wherein 
each is 2-naphtfayl, each and R^ is each hydrogen, and Y is a bond, 
1,4-substituted pq)erazinyl, or 1,3-substituted phenyl. Thus, compounds 
having the following structures are most preferred: 



15 
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The term "all^r as employed herein inchides both straight and 
branched chain radicals of up to 12 carbons, preferably 1-8 carbons, such as 
5 methyl, ethyl, propyl, isopropyl, butyl, /-butyl, isobutyl, pentyl, hexyl, 

isohexyl. hq)tyl, 4,4-dnnethy^entyl, octyl, 2,2,4-trimethy^entyl, nonyl, 
decyl, undecyl, dodecyl and the various branched chain isomers thereof 

The term ''substituted alky!" as enq>loyed herein includes all^l groups 
as defined above that have one, two or three halo substituents, or one 
10 C^ioaryl, Ci^alkyl(C5.,o)aryl, halo(C6.io)aryl, CMcycloalkyl, 

Ci.ftalkyl(C3^cycloalkyl. C2-«aIkenyl, Cj-galkynyl, hydroxy and/or carboxy. 

The term "cycloalkyl" as employed herein includes saturated cyclic 
hydrocarbon groups containing 3 to 12 carbons, preferably 3 to 8 carbons, 
which inchide cyclopropyl. cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
15 cyclooctyl, cyclodecyl and cyclododecyl, any of which groups may be 
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substituted wiA substituents such as halogen, C].«alkyl, alkoxy and/ r 
hydroxy group. 

The term "aryl" as employed herem by itself or as part of another 
groiq) refers to moncK^ydic or bicyclic aromatic groups containing from 6 to 
12 carbons in the ring portion, preferably 6-10 carbons in the ripg portion, 
sudi as phenyl, n^hthyl or tetrahydron^fathyl. 

Hie term "substituted aryl" as employed herein includes aryl groups, 
as defined above, that include one or two substituents on either die phenyl or 
n^hthyl group such as C,.^alkyl, Cj^ycloalkyl, C,.«alkyl(C3jcycloallgrl, 
Ci^alkenyl, C2.,Balkynyl, cyano, amino, Ci.^alkylamino, di(Ci^allqflamino, 
benzylamino, dibenzylamino, nitro, carboxy, carbo(C|^alkoxy, 
triftaorometltyl. halogen, C,^oxy, C6-ioaiyl(C,^alkoxy, hydroxy, 
Cj^alkylthio, C,^alkylsulfinyl, C,.6alkylsulfonyl, C6,,oarylthio, 
C^io^Isulfinyl and/or C5.,oaiylsulfonyl. 

The term "arall^r or "arylaUgrl" as used herein by itself or as part 
of another gmxp refers to Cj^all^l groups as discussed above havii^ an aryl 
substituent, such as benzyl. 

The terms "alkoxy," or "aralkoxy" includes any of the above allg^l or 
aralkyl groups linked to an oxygen atom. 

The term "halogen" or "halo" as used herein by itself or as part of 
another group refers to chlorine, bromine, fluorine or iodine with chlorine 
being preferred. 

The term "alkenyl" by itself or as part of ano&er group as enq)ioyed 
herein includes a carbon chain by itself or as part of another group of 19 to 
16 carbons, preferably 2 to 10 carbons, containipg one double bond such as 
propenyU 2-butenyl, 3-butenyl, 2-pentenyl, 4-penteDyl and the like, and may 
include a halogen substituent such as I, CI, or F. 

The term "alkynyl" by itself or as part of another group as employed 
herein includes a carbon chain of iq> to 16 carbons, preferably 2 to 10 
carbons, containing one triple bond such as 2-propynyl, 2-buQrnyl, 3-butynyl 
and the like. 
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The term "heterocycle" as employed herein refers to groups having 2 
to 10 caibon atoms and having one or more 4, 5, 6, or 7 member saturated 
or unsaturated rings contaming 1, 2, or 3 oxygen, nitrogen or sulfur 
heteroatoms (where examples of h^erocydic radicals are: tetialqrdrofuran, 
1,4-dioxane, 1,3.5-trioxane, pyrrolidine* piperidine, piperazine, imadazoline, 
isoindoline, cfaromane, isochromane, pyrazolidine, quinuclidine, pyridine, 
pyrrole, oxazole, indole, purine, pyrimidine, 1,3-dithiane, azetidine, 
tetrahydropyran, imidazole, thiazole, isoxazole, pyrazole, quinoline, 
cytosine, thymine, uracO, adenine, guanine, pyrazme, l-metfayl*l,4- 
dlhydronicotine, picolinic acid, picoline, furoic add, ftirfural, furfixryl 
alcohol, caibazole, isoquinoUne, 3-pyiroline, thiophene, furan, 
hexamethyleneimine, €-aq)rolactone, e-caprolactam, omega-thiocaprolactam, 
and moipholine). 

The tenn "heteroaiyl" as employed herein refers to groups having 3 
to 14 ring atoms; 6, 10 or 14 tt electrons shared in a cyclic array; and 
containing carbon atoms and 1, 2 or 3 oxygen, nitrogen or sulfur 
heteroatoms (where examples of heteroaiyl groups are: thienyl, 
benzo[b]thienyl, naphtho[2,3-b]thienyl, diianthrenyl, furyl, pyranyl, 
isobenzofuranyl, benzoxazolyl, chromenyl, xandienyl, phenoxathiinyl, 
2/y-pynolyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, 
pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl, indazolyl, purinyl, 
4H-quinolizinyl, isoquinolyl, guinolyl, phthalazinyl, naphthyridiiQrl, 
quinazolinyl, cinnolmyl, pteridinyl, 4aH-caibazo]yl, carbazolyl, i3-caibolinyl, 
phenanthridinyl, acridinyl, perimidinyl, pheimnthrolii^I, phenazinyl, 
isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl and phenoxazinyl groups). 

The tenns "substituted hetmaiyl" or "optionally substituted 
heteroaryl," used in reference to refer to aryl groups, as defined above, 
having one or more substituents selected from halogen, Cj.5alkyl, Ci^^alkoxy, 
carboxy, amino, C].6alI^lamino and/or di(Ci^alkylamino. 

The term "bond" as employed herein refers to a carbon to carbon 
single, double or triple bond. 
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The tenn "BOP" as enqiloyed herein refers to benzotriazol-l-yloxy- 
trb-(dimed!iylainnu))phosphonhzni hexafluorophosphate. 

The con^jounds of the present mvention may be prepared by standard 
techniques as outlined in Sdieme I. 



Scheme I 





wherem R^ R^, R^, Y, m and n are defined as above. 

An aminobenzoic acid ester (that is optionally N-substimted) 2 is 
treated with an appropriate sulfonyl chloride under standard conditions to 
provide a N-suIforQriated derivative 3. Useful solvents for tfiis step mchide 
meAylene chloride, tetrabydrofuran, acetonitrile and dimediylfonnaniide. 
The reaction proceeds at anibient temperature using a weak base, such as N- 
methylmorpholine, triethylamine or hiditine. Hydrolysis of 3 widi aqueous 
hydroxide, preferably at elevated temperature for a short time followed by 
acidification with aqueous acid such as 2 N HCl gives the corresponding 
carboxylic acid 4. The final product is formed by coupling the carboxylic 
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acid 4 with a diamine 5 using well-known peptide coupling procedures. 
Reagents for ttie coupling step include, most preferably, Ca^*s reagent 
(BOP)/diisopropylethylamine, or alternatively, hydroxybenzotriazole 
(HOBT), hydroxy succinimide, 1,3-dicyclocarbodiimide (DCC), 
carbonyldiimidazole (GDI), isobutylchloroformate/NEt,, or 
diphexrylphosphaiylazide (DFPA)/NEt3. The coupled dimcric product is the 
major product after usual workup. 

Unsymmetrical products can be fonned by raq)loying a mixture of 
two distinct carboxylic acids (4), and thereafter sq>arating unsymm^rical 
product from dimeric product. More preferably, one of the amino groups of 
the dfamine teactant is first protected with an amino protecting group, such 
as phex^fan^oxycarbonyl (Cfaz) or /-butyloxycarbonyl (BOQ. See Greene, 
T.W., Protecting Groups in Organic Synthesis, John Wiley, New York 
(1981). Tbeieafter, a first carboxylic acid can be condensed with the mono- 
protected diamine. The anoiiio-protecting group is subsequently removed and 
the resulting intennediate is reacted with a second carbo;Qrlic acid to form a 
diaiylsulfonylaminobenzamide derivative. 

The compounds of the present mvention are distinguished by their 
ability to preferentially inhibit factor Xa in conqiarison to thrombin and/or 
plasmin. As factor Xa inhibitors, the conipounds of the present invention 
inhibit thrombin production. Therefore, the compounds are useful for the 
treatment or prophylaxis of stat^ characterized by abnormal venous or 
arterial thrombosis involving either thrombin production or action. These 
states include, but are not limited to, deep vein thrombosis; disseminated 
intravascular coagulopatl^ which occurs durii^ septic shock, viral 
infections, and cancer; myocardial mfarction; stroke; coronary artery bypass; 
hip replacement; and thrombus formation resulting from either thrombolytic 
therapy or percutaneous transluminal coronary angioplasty (PCTA). The 
compounds of the present invention may also be used as an anticoagulant in 
extracorporeal blood circuits. By virtue of the effects of both factor Xa and 
thrombin on a host of cell types, such as smooth muscle cells, endothelial 
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cells and aeutropluls, the compounds of the present invention find additional 
use in the trratment or prophylaxis of adult respiratory distress syndrome; 
inflammatory responses, such as edema; reperfusion damage; atherosclerosis; 
and restenosis following an injury such as balloon angioplasty, adierectomy, 
aiul arterial stent placement 

The con4X)unds of the present mvention may be usefiil in treatmg 
neoplasia and metastasis as well as neurodegenerative diseases, such as 
Alzheimer's disease and Parkinson's disease. 

The conq>ounds of die pres^ invention may be used in combination 
with thrombolytic agents such as tissue plasminogen activator, streptokixmse, 
and urokinase. Additionally, the compounds of the present invention may be 
used m combination with other antithrombotic or anticoagulant drugs such 
as, but not limited to, fibrinogen antagonists and thnnriboxane receptor 
antagonists. 

The compounds of the present invention may be administered in an 
effective amount within the dosage raiige of about 0.1 to about 500 mg/kg, 
preferably between 0.1 to 10 mg/kg body weight, on a regimen in single or 
2-4 divided daily doses. 

The pharmaceutical compositions of the invention can be administered 
to any annual that can experience the beneficial effects of the compounds of 
the invention. Foremost among such animals are humans, although the 
invention is not intended to be so Ihnited. 

The pharmaceutical compositions of the present invention can be 
administered by any means that achieve dieir intended purpose. For 
exanq)le, administration can be by parenteral, subcutaneous, intravenous, 
intramuscular, intraperitoneal, transdermal, buccal, or ocular routes. 
Alternatively, or concurrently, administration can be by die oral route. The 
dosage administered will be depraident upon the age, health, and weight of 
the recipient, kind of concurrent treatment, if any, frequency of treatment, 
and the nature of the effect desired. 
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In addition to the pharmacologically active compounds, the new 
pbannaceutical piepaiations can contain suitable phannaceutically acceptable 
earners conq)risi]^ excipients and auxiliaries that facilitate processing of die 
active compounds into prqrarations that can be used phannaceuticaUy. The 
pharmaceutical preparations of the present invention are manufactured in a 
manner that is, itself, known, for example, by means of conventtonal 
mixing, granulating, dragee-makiqg, dissolving, or lyophilizing processes. 
Thus, pharmacaitical preparations for oral use can be obtained by combining 
the active compounds with solid excq>ients, optionally grinding the renting 
mixture and processiAg ttie mixture of granules, after adding suitable 
auxiliaries, if desired or nec^sary, to obtain tablets or dragee cores. 

Suitable excipients are, in particular, fillers such as saccharides, for 
example, lactose or sucrose, mamutol or sorbitol, cellulose preparations 
and/or calcium phoq)hates, for example, tricalcmm phosphate or calcium 
hydrogen phosphate, as well as binders, such as, starch paste, using, for 
exanqile, maize starch, v/bsat starch, rice stardi, potato starch, gelatin, 
tragacanth, methyl cellulose, i^droxypn>pyhnethylcellulose, sodium 
carboxymethylcellulose, and/or polyvinyl pyrrolidone. If desired, 
disintegratii^ agents can be added, such as, the above-mentioned starches 
and also carboxymetl^l-starch, cross-linked polyvinyl pyrrolidone, agar, or 
alginic acid or a salt thereof, such as, sodium alginate. Auxiliaries are, 
above all, flow-regulating agents and lubricants, for exanq)le, silica, talc, 
stearic acid or salts thereof, such as, magnesium stearate or calcium stearate, 
and/or polyethylene glycol. Dragee cores are provided with suitable coatings 
that, if desired, are resistant to gastric juices. For this purpose, concentrated 
saccharide solutions can be used, which may optionally contain gum arable, 
talc, polyvinyl pyrrolidone, polyethylene glycol, and/or titanium dioxide, 
lacquer solutions and suitable organic solvents or solvent mixtures. In order 
to produce coatings resistant to gastric juices, solutions of suitable cellulose 
preparations, such as, acetylcellulose phthalate or hydroxypropylmethyl- 
cellulose phthalate, are used. Dye stuffs or pigments can be added to the 
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tablets or dragee coatings, for example, for identification or in order to 
characterize combinations of active compound doses. 

Other pharmaceutical prq}arations which can be used orally inchide 
push-fit capsules made of gelatin, as well as soft, sealed capsules made of 
gdatin and a plasticizer, such as, glycerol or sorbitol. The push-fit c^sules 
can contain the active compounds in the f onn of granules that may be mixed 
with fillers such as lactose, binders such as starches, and/or lubricants such 
as talc or magnesium stearate and, optionally, stabilizers. In soft cs^sules, 
the active compounds are preferably dissolved or suspended in suitable 
liquids, such as, fatty oils or liquid parafBn. In addition, stabilizers may be 
added. 

Suitable formulations for parenteral administration inchide aqueous 
solutions of the active compounds in water-soluble form, for exan^le, water- 
soluble salts and alkaline solutions. Especial^ preferred alkaline salts are 
ammonium salts prepared, for example, with Tris, choline hydroxide, bis- 
Tris propane, N-methylgtucamine, or arginine. In addition, suspensions of 
the active compounds as ^ropriate oily injection suspensions can be 
administered. Suitable lipophilic solvents or vehicles include fatty oils, for 
example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate 
or triglycerides or polyethylene glycol-400 (the compounds are soluble in 
PEG-400). Aquraus injection suspensions can contain substances that 
increase the viscosity of the suspension, for exanq)le, sodium carboxymeAyl 
cellulose, sorbitol, and/or dextran. Optionally, the suspension may also 
contain stabilizers. 

The foUownig exanq)Ies are illustrative, but not limiting, of (he 
mediod and compositions of the present invention. Other suitable 
modifications and adaptations of the variety of conditions and parameters 
normally encountered and obvious to those skilled in the art are within the 
spirit and scope of the invention. 
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Example 1 
Preparation of Methyl 3-Animobenzoate (6) 




A mbcture of methyl 3-nitFobeiizoate (18.1 g, 0.10 mmol) in ethanol/ 

tetrahydrofliran (9:1) and 1.8 g of 10% Pd/C was hydrogenated under a 

hydrogen atmosphere at atmospheric pressure and ambient temperature for 

24 hr. The reaction mixture was filtaied through Celite (Celite is a 

registered trademark of the Johns-ManvUle Product Coiporation for 

diatomaceous earth) and washed with ethanol. The solvent was removed in 

♦ 

vacuo to give the title compound as a pale yellow solid (14.7 g; 97% yield) 
which was used as is in the next reaction. ^H-NMR (200 MHz; CDQ3) 5 
7.43 (d, IH, J = 7.6 Hz), 7.35 (t, IH, J = 2.3 Hz), 7.25 (d, IH. J = 2.3 
Hz), 7.19 (d, IH. J = 7.7 Hz), 3.89 (s. 3H), 3.7 ppm (bs, 2H). 

Example 2 

M^yl 3-((2-NaphthalenyI)snlfonylamino)benzoate (7) 




To 5.0 g (33 mmol) of methyl 3-aminobenzoate (6) in 70 mL of 
methylene chloride containing 4.0 mL (36 mmol) of N-metfaylmorpholine 
was added 7.49 g (33 mmol) of 2-naphtbalenesuIfonyl chloride. After 
stirring at room temperature overnight, the reaction mixture was quenched 
with 1 N HCl (100 mL). The suspension was dissolved in ca, 250 mL of 
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tetrahydrofuran and enough ether was added to mduce phase separation. The 
organic extract was wadied with ^turated sodium chloride solution (2 x). 
The organic phase was dried (MgS04), and concentrated to give 11.0 g (97% 
yield) of the title compound as a pale yellow solid: *H-NMR (200 MHz; 
5 DMSOdfi) S 8.46 (s, IH). 8.13 (t, 2H), 7.99 (d, IH), 7.55-7.75 (m, 5H). 

7.43 (dd, 21H), 7.38 (d, IH), 3.79 ppm (s. 3H). 

Example 3 

Preparation of 3-((2-NaphthaIeiiyl)sulfonylamfaio)beiizoic add (8) 




A sohition of 10.8 g (31.7 mmol) of methyl 3-((2- 
naphthalenyl)sulfonylamino)benzoate (7) in 100 mL of 1 N NaOH was 
stirred at SO^C for 20 min. The reaction mixture was quenched with excess 
2 N HQ, diluted with tetrahydrofuran to dissolve the suspension. Ether was 
added to induce phase separation. The organic extract was dried. (MgS04) 

15 and the solvent removed in vacuo. Trituration from 

edier/tetrahydrofuran/hexane gave 10.0 g of the tide conqiound: ^H-NMR 
(200 MHz, DMSCMy S 8.45 (s. IH), 8.13 (t, 2H), 7.99 (d, IH), 7.54-781 
(m, 5H), 7.77-7.43 ppm (m, 2H); Mass spectrum (MALDI-TOF) Calcd. for 
C17H13NO4S: 328.1 (M + H) and 350.0 (M + Na). Found: 328.7 (M + 

20 H), 349.8 (M + Na). 
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Example 4 

IYeparationofl>5-di[3-(2-naphthalraylsiilfonylamm 




(9) 



To a solution of 160 mg (0.469 nunol) of 3-((2- 
iuphthaleiQrl)salfoiQrlainmo)benzoic acid (8) in 3 mL of N,N- 
dimethylfonnamide was added 1 mL (0.5 mmol) of 0.5 M BOP (C:astn)'s 
Reagent). Then 500 mL of diisopropylethylamine was added. After 5 min, 
the solution was transferred dropwise to a solution of 1,5-diaminopentane (55 
mL; 0.469 mmol). After 30 min, the reaction mijcture was quenched widi 
saturated sodiimi bicarbonate solution and extracted mto ethyl acetate (3x3 
mL). The organic phase was washed with saturated sodium bicarbonate 
solution (4x5 mL). The organic phase was concentrated and purified by 
silica gel chromatography using ethyl acetate/methylene chloride (1:1) to 
give the title compound: *H-NMR (300 MHz; DMSO-d^) 5 10.5 (bs, 2 H). 
8.43 (d. 2 H. J = L2 Hz). 8.36 (t, 2 H, J = 5.4 Hz), 8.10 (t, 4 H, J = 
8.7 Hz). 7.97 (t. 2 H, t J = 7.7 Hz)). 7.77 (dd, 2 H. J = 1.8, 8.7 Hz). 
7.59 - 7.71 (m. 6 H). 7.39 - 7.43 (m. 2 H). 7,25 (d. 2 H. J = 5.1 Hz), 
3.16 (q, 4 H, J = 6.7 Hz). 1.45 (pentet, 4 H. J = 7.1 Hz). 1.25 ppm (2 H. 
pentet, J = 7.2 Hz). 
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Example 5 

Preparation of l,8-di[3-(2-naphthaIeiiyIsii]fonylaiiimo)benzai^ 




In a manner identical to the piocedure of Example 4 the title 

S compound was prepared substituting 1 ,8-diaminooctane for 1 ,5- 

* 

diaminopentane. Purification was achieved by oystallization from methylene 
chloride/ether/hexane/ediyl acetate: 'H-NMR (300 MHz, DMSO-d«) S 10.5 
(bs, 2H), 8.44 (d, 2H, 1 Hz), 8.36 (t, 2H, J = 5.3 Hz), 8.09 (t, 4H, J = 
8.6 Hz), 7.99 (d, 2H, J = 7.8 Hz), 7.77 (dd, 2H. J = 1.8, 8.6 Hz), 7.59- 
10 7.70 (m, 6H), 7.39-7.44 (m, 2H). 7.23-7.29 (m, 4H), 3.16 (q. 4H, J = 6.6 

Hz), 1.44 (br pentet, 4H), 1.24 ppm (br s, 8H). 

Example 6 
Preparation of 

l,4-di-[3-(2-naphthaIenylsulfonylanilno)benzamidopropyI]piperazine 




(11) 
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In a maimer identical to the piccedure of Exanqple 4, the title 
compound was prepared sub^tuting l,4-bis(3-aminopropyl)pipeiazme for 
1,5-diaminopentane. Purification was adiieved by trituration from ethyl 
acetate/methylene chloride/^ber/hexane to give the title compound: ^H- 
NMR (300 Mz; DMSO-dfi) 6 8.4 (d. 2H. J = 1 Hz). 8.37 (t, 2H, J - 5.4 
Hz), 8.02-8.10 (m, 4H), 7.97 (d, 2H, J = 7.4 Hz), 7.75 (dd, 2H, J = 1.8. 
8.6 hz), 7.58-7.68 (m, 4H), 7.53 (s, 2H). 7.31-7.33 (m, 2H), 7.16 - 7.23 
(m, 4H), 3.19 (q. 4H. 5.7 Hz). 2.23 - 2.28 (m, lOH). 1.59 ppm (pentet, 
4H), J = 6.6 Hz). 

Example 7 

Preparation of 
l»3-di-[3-(2-iiaphthaIeDylsDdfonyIanuno)beDzamidom 




To a solution of 230 mg (0.7 mmoi) of 3-((2- 
naphthalenyl)sulfonylamino)benzoic acid. (4) Castro's reagent (310 mg, 0.7 
mmol). and triethylamine (0.3 mL) in anhydnms dimediylfonnamide (5 mL) 
was added mer^i-xylylenediamine (680 mg, 5 nmiol). After stirring at 
ambient temperature for 3 h, the reaction mixture was diluted with 200 mL 
of ethyl acetate and then washed successively with saturated NaHCOs (2 x 50 
mL), brine (3 x 50 mL), and 0.5 N HCl (4 x 50 mL). The organic phase 
was dried over NazSO^ and concentrated to give 100 mg (38% yield) of the 
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title compound as a white solid: *H-NMR 6 10.5 (bs, 2H), 8,96 (t, 2H. J = 
6Hz), 8.44 (d, 2H. J = 1 Hz). 8.09 (t, 4H, J = 8 Hz), 7.98 (d, 2H, J = 8 
Hz). 7.77 (dd, 2H. J = 2, 9 Hz). 7.60-7.70 (m, 6H), 7.45-7.50 (m, 2H). 
7.10-7.28 (m. 6H), 4.37 (d. 4H), Mass spectrum Calcd, for C42H24H4O6S2: 
777.9 (M + Na). Found: 778.0. 

Example 8 
In Vitro Inhibition of Purified Enzymes 

The ability of the compoimds of the present invention to act as 
inhibitois of tfaioxnbin. factor Xa and plasmin catalytic activity was assessed 
by detennining the concentration which inhibited enzyme activity by 50% 
using purified human enzymes. Hie concentration of added inhibitor that 
caused a 50% decrease in the initial rate of hydrolysis was defined as the 
IC50 value. 

All assays are based on the ability of the test compound to inhibit the 
hydrolysis of a peptide /^nitroanilide substrate. In a typical exi^riment, 
appropriate substrate is prepared in DMSO, and diluted into an assay buffer 
consisting of 50mM HEPES and 130 mM NaCl at a pH of 7.5. The final 
concentration for each of the substrates is listed below. All substrate 
concentrations are at least 10 fold lower than K„ to insure inhibition is 
conq3etitive. Test compounds are prepared as 1 mg/ml solutions in DMSO. 
and three additional 10-fold dilutions in DMSO are prepared. Enzyme 
solutions are prepared at the concentrations listed below in assay buffer. 

In a typical IC50 determination, into each well of a 96 well plate is 
pipetted 280 uL of substrate solution. 10^ of inhibhor solution, and the 
plate is allowed to thermally equilibrate at 37''C in a Molecular Devices 
Plate Reader for at least 10 minutes. Reactions are initiated by the addition 
of a 20 /xL aliquot of enzyme, and the absorbance increase at 405 nm is 
recorded for 15 minutes. Data corresponding to less than 10% of the total 
substrate hydrolysis is used in the calculations. The ratio of the velocity 
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(rate of tbe chaise in absoibance as a function of time) for a 5anq)le 
containing no inhibitor is divided by the velocity of a sample containing 
inhibitor, and is plotted as a function of inhibitor concentration. The inverse 
of Ae slope is the concentration of inhibitor which produces a 50% decrease 
in activity of the en^me. This concentration is referred to as die IC50. 

Thrombin 

Thrombin activity was assessed as the ability to hydrolyse the 

substrate N-benzoyl-Phe-Val-Arg-p-nitroanilide (Bz-Phe-Val-Arg-pNa), and 

was obtained from Sigma Chemical Compmy (St. Louis, MO). Substrate 

solutions were prepared at a concentration of 60 /iM (60 fiM< <K^ = 1.2 

mM) in assay buffer. Final DMSO concentration was 0.3%. Purified 

* 

human o-thrombin was obtained from Enzyme Research Laboratories, Inc., 
and was diluted into assay buffer to a concoitiation of L2 fjM. Final 
reagent concentrations were: [thrombin] -36 nM, [Bz-Phe-Val-Aig'{)Na] » 
66 fiM, [inhibitor] = 60 to 0.06 /iM. 

Factor Xa 

Factor Xa activity was assessed as the ability to hydrolyse the 
substrate Bz-IIe-GIu-Gly-Arg-pNa, and was obtained from Sigma. Substrate 
solutions were prepared at a concentration of 26/iM (26/iM< < = 1.3 
mM) in assay buffer. Final DMSO concentration was 0.3%. Activated 
factor Xa was obtained from &izyme Research Laboratories, Inc., and was 
diluted into assay buffer to a concentration of 1.2 ftM. Final reagent 
concentrations were: [Factor Xa]=10 nM, Pz-Ile-Ghx-Gly-Arg-pNa] = 26 
/xM, [inhibitor] = 60 to 0.06 fM. 
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Plaanin 

Plasmin activity was assessed as the ability to hydrotyse tiie substrate 
Tos-Giy-Pro-Lys-pNa. and was obtained fiom Sigma. Substrate solutions 
were prepared at a concentration of 22 /tM (22pM < < K^, = 240 pM) in 
assay buffer. Final DMSO concentration was 0.3%. Purified human 
plasmin was obtamed from Enzyme Research Laboratories Inc, and was 
dihited into assay buffex to a concentration of 1.2 pM. Final reagent 
concentrations were: [plasmin] « 15 nM, IBz-Ile-Glu-Gly-Arg-pNa] = 26 
/iM, [inhibitor] » 60 to 0.06 /iM. 

The results obtained employing the compounds of Exanq)les 4 
through 7 are given in Table 1. 



Table 1 



Compound 
of Exanqile 


Factor Xa 
Inhibition 
IC»(AtM) 


Thrombin % 
Inhibition at 


Plasmin % 
InhibitioD at 
6/iM 


4 


3/iM 


0% 


0% 


5 


2.1 /iM 


20% 


0% 


6 


5.2 iM 


0% 


0% 


7 


2.4 A(M 


20% 


40% 



The results indicate tbat the ccraqwunds of the present invention, and 
specific^y the compounds of Examples 4 through 7 are highly selective and 
potent inhibitors of factor Xa. 

Having now fully described this invention, it will be understood to 
those of ordinary skill in the art that the same can be performed within a 
wide and equivalent range of conditions, formulations, and other parameters 
without affecting the scope of the invention or any embodiment thereof. All 
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patents and publications cited heicin aie fully incoipoiated by reference 
herein in their entir^. 
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Whatls Claimed Is: 



1. 



A con^Kmnd having the Formula /: 




o 



./(C»t)n-Y-(C»<,)ri^l 




^ if 



(I) 



wherein 

each is independently one of alkyl, substhnted allQrl, cycloallQrl, 
aryl, substituted aiyl, hetecoaiyl or substituted heteroaiyl; 

each and is independently one of hydrogen, alkyl, aiyl or"" 
arylalkyl; 

Y is a bond, or is cme of — (CH2)p— , cycloalkyl, aryl or 
C2.ioheterocycle; and 

m, n and p are each independently 1 to 10. 

2. The compound of claim 1, wherein 

each R^ is independently one of C6.i2aryl or Ci^alkyl; 
each R^ and R^ is indepradently one of hydrogen, C].«alkyl or 
C^^uaryl; 

Y is a bond, or is one of — (CH2)p— , C^^cloalkyl, Cfi^u aryl or a 4 
to 7 membered ring heterocyde; and 

m, n and p are each independendy 1 to S. 

3. The compound of daim 2, wherein 

each R^ is the same and is one of phenyl , naphthy 1 or 
tetrahydronaphthyl; 

each R^ is the same and is one of hydrogen, Ci_5alkyl, phenyl or 



napfathyl; 
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each is the same and is one of hydrogen, Cj^jallcyl, phenyl or 
naphfhyl; 

Y is a bond, or is one of — (CHa)^-, C^doaDcyl, Cg^ioaiyl or 
1,4-piperazn^l; and 
5 m, n and p are each independently 1 to S. 

4. The compound of clann 3 having the stractme: 




) 
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7. The coiiqK)uiid of claim 3 having tb& stiucture: 




8. A pharmaceuticai composition comprising a conqK)und of 
daim 1. 

9. The phannaceutical conq)osition of claim 8 fiirther comprising 
a phaimaceutically acceptable carrier or diluent. 
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10. A method of tieadng thrombosis, ischemia, stroke, restenosis 
or inflammation comprising administering to a mammni in u^ed of said 
treatment a thers?)eutically or prophylactically effective amomit of the 
conqK)und of clahn 1. 

11. A mediod of treating thrombosis, ischemia, stroke, restenosis 
or inflammation conq)rising administering to a mgniTi^s^i in need of said 
treatment a therq)eutically or prophylactically effective amomit of one of the 
conQ)ouids of claims 4 through 7. 
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Box I Obscrratioiu where certain claims were found unsearchable (Condnuatba of item 1 of first (beet) 



TOs intenntkioal icport has not been established in lespea of oettain claims under Aitkle 17(ZX«) for the £t>Uowiiig icftsons: 
rn Claims Nos.: 

because (hey relate to subject matter not required to be searched by this Authority, namely: 



2- Claims Nos, 



because they lelate to parts of the intemationaJ application that do not comply with the prescribed requirements to such 
an cadtent Uut no meaningful international search can be carried out, specifically: 



3. rn Claims Nos.: 

^""^ bwaTOft they are dependenc claims and are not drafted in accordance with the second and third tentcnccs of Rule 6.4(a). 



BokII Ofa8erTatkmswfaereimit7oflaventionislacking(ConttnuationQf itemlof first 



This International Searching Authority found multiple inventions in this international appltcatbn, as foUows: 
Please See Extra Sheet. 



|~| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. As aU searchable claims could be searched without effort jusdfy ing an addiUonal fee, this AuthoriQr did not invite payment 
of any additional fee. 

3. ^ As only some of the required additional search fees were timely paid by the applicant, this international search report oovcis 
only those claims for which fees were paid, specifically claims Nos.: 

1-1 l(whcre Y is a bond, -(CK2)-,cyck>akyl,aryl,hcterocycle) 



4. rn No required additional search fees were timely paid by ihc applicant. ConsequenUy, this international search report is 
restricted to the invention first mentioned in the claims: it is covered by claims Nos.; 



Remark on Protest [[xj The additional search fees were accompanied by the applicant's protesL 

I I No protest accompanied the payment of additional search fees. 
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BOX n. OBSERVATI NS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This applk»lkra contains cUims diiectcd to nwre These spedcs are deemed 

to lack Unity of Invention because ih^ are not so linked as to fonn a single mventive concept under PCT Rule 13.1. 
In otder for more than one species to be examined, the appropriate additional examination fees must be paid. The 
fpeciesafeas follows: 

I. Species 1. wherein Y is a bond or -(CH2)p-, claims 1-9 and a method of treating thrombosis, claims 10 and 

11. 

n. Species 2. wherein Y U cycloaOcyl, claims 1-3, 8. 9 and a method of treating thrombosis, claim 10. 
in. Specks 3, wherein Y is aryl. claims 1-3, 7-9 and a method of treating thrombosis, claims 10 and 11 . 

IV. Species 4, wherein Y is helcrocyclc, claims 1-3, 6, 8, 9 and a method of treating throinbosis, claims 10 and 
11. 

V. Method of treating ischemia, claims 10 and 11. 

VI. Method of treating stroke, claims 10 and 11. 
vn. Method of treating restenosis, clahns 10 and 11. 
VOL Method of treating inflammation, claims 10 and 11. 



The following claims are generic: 1 and 8-11. 

The i pf^ listed above do not relate to a single inventive concept under PCT Rule 13,1 because, under PCT Rule 
13.2, the apeeies lack the same or corresponding special technical features for the following reasons: different Ys ii 
Formula I result in dUferent core stntctures which results in different special technical features for each groupmg. 
Pursuant 37 CFR 1.47S(d), the multiple methods are separated from the main invention. 
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